Objective: The aim of the study was to compare the efficacy and safety of two stress echocardiography methods, exercise and dobutamine, in the diagnosis of coronary artery disease in hypertensive patients with angina. Patients and methods: A total of 197 treated hypertensive patients, age 53 ؎ 9 years (65 women) with no history of myocardial infarction referred for coronary angiography were prospectively investigated with exercise electrocardiography (ECG), exercise and dobutamine echocardiography. Results: Sensitivity of the exercise ECG, exercise echocardiography and dobutamine echocardiography did not differ (77%, 82% and 75%). Negative predictive value of exercise ECG was significantly lower than exercise echocardiography (64% vs 79%, P Ͻ 0.01). Specificity and positive predictive value of exercise ECG were markedly lower than exercise and dobutamine echocar-
Introduction
Complications of atherosclerotic coronary artery disease are the most important cause of morbidity and mortality in hypertensive subjects. The diagnosis of coronary artery disease in hypertensive subjects is frequently difficult because of the various processes that contribute to myocardial ischaemia like coronary microangiopathy and left ventricular hypertrophy.
positive results the positive predictive value of electrocardiographic (ECG) exercise test is low. [2] [3] [4] [5] For the last 10 years stress echocardiography has been developed as the more specific method of diagnosing coronary artery disease than exercise ECG. Efficacy of stress echocardiography has been proved in small groups of hypertensive patients. 2, 3 Echocardiography may be coupled with different stress methods although most popular are physical exercise and infusion of high doses of dobutamine. Efficacy of different stress echocardiographic methods in hypertensive subjects has so far not been compared. The aim of the present study was to assess efficacy and compare tolerability of exercise and dobutamine echocardiography in the diagnosis of atherosclerotic coronary artery disease in hypertensive subjects with chest pain.
The prospective study included 197 consecutive hypertensive patients (65 women, mean age 53 Ϯ 9 years) without history of myocardial infarction, who had undergone diagnostic coronary angiography in our department. Exclusion criteria included past myocardial revascularisation, advanced (stage III) arterial hypertension, IV Canadian Cardiovascular Society (CCS) class of angina, and complex ventricular arrhythmia. Initially 231 patients fulfilled inclusion criteria. Among them echocardiographic image was found to be suboptimal to stress studies in 13 patients, eight could not perform exercise on a treadmill and another 13 patients who underwent only one stress echo study were excluded from the further analysis. Diagnosis of hypertension was based on the pre-treatment values of blood pressure (sitting diastolic pressure Ͼ90 mm Hg on at least three occasions) and verified with available medical documentation.
Hypertension was present on average since 9 Ϯ 9 years of age and was classified according to JNC V as stage I in 47% and stage II in 53% of patients. All patients, except two, were treated with hypotensive drugs (65% calcium antagonist, 62% ␤ adrenolytic, 44% converting enzyme inhibitor, and 8% diuretic). Chest pain was present, on average, since 3 Ϯ 4 years. CCS angina score was I in 40%, II in 42% and III in 18% of patients, mean score was 1.78 Ϯ 0.75. Mean pre-test probability of coronary artery disease estimated according to Diamond and Forrester 6 in the investigated group was 0.58.
Left ventricular mass indexed to body surface area (LVMI) was calculated on the base of M-mode measurements made with ASE convention and formula:
(LVD, left ventricular diameter diastole; PW, posterior wall thickness; IVS, interventricular septum thickness (cm)). Left ventricular hypertrophy was defined as LVMI larger than 104 g/m 2 in women and 117 g/m 2 in men. 7 All patients referred for coronary angiography were screened for eligibility for this study. Coronary angiography was performed in all patients and coronary artery disease was defined as significant when diameter stenosis was more than 50%. Enrolled patients were scheduled for two echocardiographic studies that were performed on another day within the period of hospitalisation or not later than a week after.
Exercise echocardiography was performed on a treadmill using the standard symptom-limited Bruce protocol. 8 At the same time electrocardiogram was evaluated and a positive result of ECG stress test was defined as ST segment depression 60 ms after J-point more or equal to 1 mm in comparison to resting recordings. Dobutamine echocardiography was done with drug infused through an antecubital vein in 10 g/kg/min increments, starting from dose 5 g/kg/min to maximal dose 40 g/kg/min (mean peak dose 35 Ϯ 11 g/kg/min). To achieve 85% age predicted heart rate atropine (0.25-1 mg) was added in 44% of studies at the top of the maximal dobutamine dose. Echocardiographic evaluation of LV wall motion was performed before and just after the exercise and at each step of dobutamine infusion, with the patient in the supine left lateral position. Studies were performed with ultrasound system Hewlett Packard Sonos 1000 and 1500 and were recorded on half-inch videotape. Left ventricular wall motion was evaluated in 16 segments. Positive stress echocardiography result was defined as the new or extended left ventricular wall motion abnormality. Evaluation of ECG and echocardiographic stress studies was blinded to the results of angiography. All echocardiographic stress studies were done and evaluated by one person (TP). Study was accepted by the institutional ethical committee and all patients gave written informed consent for the participation.
Indices of diagnostic methods were calculated as ratios of the following values: sensitivity, true positive results/all patients with disease; specificity, true negative results/all patients without disease; positive predictive value, as true positive results/all postive results; negative predictive value, as true negative results/all negative results.
Statistical methods
All data are expressed as mean value Ϯ s.d. Differences between diagnostic methods were compared with Student's t-test for paired comparisons or Wilcoxon Cox test. Categorical data were compared either with 2 or with McNemar test when efficacy of diagnostic methods was compared. P values of Ͻ0.05 were considered to be significant.
Results
Coronary angiography revealed significant coronary artery disease in 59% of subjects, distributed into one, two and three vessel disease in respectively 29%, 38% and 33% patients. Patients with significant coronary artery disease were characterised by older age (55 Ϯ 8 vs 50 Ϯ 8, P Ͻ 0.0001) and higher angina CCS class (2.1 Ϯ 0.7 vs 1.3 Ϯ 0.6, P Ͻ 0.001) than patients with non-stenosed arteries. The average LVMI was in women 101 Ϯ 24 g/m 2 and in men 122 Ϯ 35 g/m 2 . The average LVMI in patients with ventricular hypertrophy (45% of the whole group) was 141 Ϯ 36 g/m 2 and in patients without hypertrophy 93 Ϯ 12 g/m 2 . Sensitivity, specificity and prognostic values of evaluated diagnostic methods in the whole group and in the subgroups with and without left ventricular hypertrophy are presented in Table 1 . No significant differences between exercise and dobut- amine echocardiography in evaluated diagnostic indices were found. Both stress echo methods were characterised by similar sensitivity but higher specificity and positive predictive values than exercise ECG, regardless of the presence of left ventricular hypertrophy (Table 1) . Negative predictive value of exercise echo, but not of dobutamine was significantly higher than that of exercise ECG. In the separate analysis within the group of women (Table 2) both stress echocardiographic methods were characterised by higher sensitivity and higher specificity than exercise ECG. Exercise on a treadmill in comparison to dobutamine infusion was associated with higher maximal heart rate (135 Ϯ 23 vs 122 Ϯ 27, P Ͻ 0.0001), maximal systolic blood pressure (176 Ϯ 28 vs 167 Ϯ 30, P Ͻ 0.001), and maximal double product (23852 Ϯ 6408 vs 20607 Ϯ 5400, P Ͻ 0.0001). New left ventricular wall motion abnormalities after exercise developed on average in the 2.74 Ϯ 1.96 seg- ment and after dobutamine in the 1.87 Ϯ 1.31 segment (P Ͻ 0.0001).
No blood pressure decrease was seen during exercise but dobutamine infusion provoked systolic pressure fall (from 10 to 40 mm Hg) in 3.5% subjects. Significant blood pressure changes (fall or increase more than 240 mm Hg) were observed more often during dobutamine test than during exercise (Table 3) . Cardiac arrhythmia appeared with both physical exercise and dobutamine infusion (Table 3) . Any arrhythmia was seen more often during dobutamine infusion than at exercise but significant difference was noted only for simple ventricular ectopy. In three patients dobutamine infusion provoked paroxysmal atrial fibrillation and in one patient transient second-degree atrio-ventricular block. These side effects were not observed during exercise. Non-sustained ventricular tachycardia defined as at least three but no more than 30 consecutive ventricular beats was more frequent at dobutamine infusion but the difference from exercise was not significant. Dobutamine infusion, but not exercise, was associated with unwelcome side effects like heart palpitation (47%), paresthesia (37%), headache (7%) and anxiety in 7% of subjects.
Discussion
Confirmation of atherosclerotic coronary artery disease in hypertensive patients is often difficult. Several reports emphasise the lower specificity of exercise ECG stress test in patients with elevated blood pressure when compared to normotensive subjects. 2, 4 Tsuda et al 4 have shown that specificity of ECG stress test was significantly higher in normotensive patients than in hypertensive patients (67% vs 52%). Similar observations emphasising the higher specificity of exercise ECG in patients with
Journal of Human Hypertension normal than with elevated blood pressure were done by Picano et al 2 (75% vs 46%). Very low (24%) specificity of exercise ECG in hypertensive patients was reported by Senior et al. 3 In the group of hypertensive subjects with positive exercise stress test evaluated by Fragasso et al, 9 significant coronary artery disease was present in only 56%. This study confirms that specificity of exercise ECG in hypertensive subjects without previous myocardial infarction is quite low indeed.
Low specificity of exercise ECG is not limited to hypertensive patients with left ventricular hypertrophy. Interestingly in the investigated group specificity of the ECG stress test was not related to the presence of echocardiographic left ventricular hypertrophy. This finding is similar to that presented by Marwick et al 10 who found only insignificantly lower specificity of exercise ECG in the presence of left ventricular hypertrophy (69% vs 78%, P = 0.5). Wroblewski et al 11 reported on the high frequency (63%) of positive exercise ECG results in patients with echo left ventricular hypertrophy and normal coronary arteries, but no comparison with patients without hypertrophy were made. In the Framingham study no difference in absolute exercise ST depression between subjects with and without left ventricular hypertrophy was found. 12 In the present study the stress echo efficacy was also not affected by left ventricular hypertrophy. Smart et al 13 reported that diagnostic efficacy of dobutamine echocardiography was not related to left ventricular hypertrophy defined as the increased left ventricular mass, although lower sensitivity was reported in patients with left ventricular concentric remodelling. 13 Exercise ST depression in patients with hypertension and normal coronary angiogram was found to be associated with decreased coronary flow reserve. 5 Schwartzkopf et al 14 have shown that coronary microangiopathy and left ventricular interstitial fibrosis have much greater impact on decreased coronary flow reserve than left ventricular mass index. The present study included a typical contemporary population of hypertensive patients with angina, who as a rule are treated with hypotensive drugs. Regression of left ventricular mass, perhaps incomplete, could have nevertheless diminished the influence of hypertrophy on coronary flow reserve and exercise ST segment depression.
The present study documented the very high specificity of evaluated stress echocardiographic methods in hypertensive patients. Picano et al 2 found that in hypertensive patients, sensitivity of dipyridamol echocardiography and exercise ECG were the same (67%) but specificity of echocardiography was markedly better (92% vs 46%, P Ͻ 0.05). Senior et al 3 found that in patients with hypertension dobutamine echocardiography was more specific (100% vs 29%, P Ͻ 0.005) as well as more sensitive (93% vs 72%, P = NS) than exercise ECG. Elhendy et al 15 analysed results of dobutamineatropine echocardiography in 35 hypertensive patients without previous myocardial infarction and reported 71% sensitivity and 86% specificity. Pepi et al 16 found that in hypertensive patients left ventricular wall motion abnormalities evoked by maximal bicycle exercise are 93% sensitive and 100% specific for significant coronary stenosis. Fragasso et al 9 reported on the high specificity of both dobutamine and dipyridamole in hypertensive patients with positive exercise ECG (80% and 91%). Zouridakis et al 17 who analysed a group of 18 hypertensive patients with normal coronary arteries and frequent (59%) positive Thallium SPECT result found normal left ventricular wall motion during dobutamine echocardiography in all cases. This study was similar to previous findings in that it emphasises the very high specificity of stress left ventricular wall motion abnormalities to atherosclerotic coronary artery narrowing.
Many studies documented a very high false-positive rate of ECG stress test in women. 18, 19 In the present study specificity of ECG stress test in women was only 50% ( Table 2 ). The advantage of stress echocardiography over ECG stress test was more obvious in hypertensive women than in hypertensive men. In an earlier study exercise echocardiography was found to be the optimal method of diagnosing coronary artery disease in women. 19 The present study is the first which compares exercise and dobutamine echocardiography exclusively in hypertensive patients with angina. No significant difference in specificity was found (96% vs 98%) but the trend for higher sensitivity of exercise than dobutamine echocardiography was observed (82% vs 74%, P = 0.10). The other study that included patients with no defined blood pressure, revealed that exercise echo was also slightly more sensitive than dobutamine (76% vs 72%) but less specific (94% vs 97%). 19 In this study the exercise in comparison to dobutamine echocardiography was associated with the larger extent of the left ventricular wall motion abnormalities. This factor may facilitate recognition of abnormal left ventricular wall motion during echocardiography. The maximal double product representing MVO 2 was also greater with exercise than with dobutamine. 20 Although dobutamine echocardiography seems to be quite safe, frequency of side effects observed with exercise echo was lower ( Table 3 ). The comparison may be made to the study of Elhendy et al 15 comprising a group of 446 hypertensive patients in which the maximal dose of dobutamine (36 Ϯ 7 g/kg/min) and use of atropine (42% patients) were almost the same as in the present study. Occurrence of significant hypertension during dobutamine infusion in the present study was low (3.5%). In the study referred above 15 dobutamine infusion was terminated because of hypertension in only 0.2% studied subjects. 15 In the present study blood pressure fall was not seen at exercise but was present in 3.5% patients at dobutamine 809 infusion. In the study of Elhendy et al 15 significant hypotension (fall of blood pressure more than 40 mm Hg) was seen in 5%. Increased ventricular ectopy is frequently observed during diagnostic dobutamine infusion although physical exercise also evokes ventricular ectopy. Although arrhythmia was more prevalent at dobutamine study than at exercise, only the frequency of single ventricular beats differed significantly (Table 3) . Occurrence of arrhythmia during dobutamine infusion in our group also closely resembles that reported by Elhendy et al. 15 Even potentially serious arrhythmias were self limiting and no morbidity was associated with either of the tests.
Conclusion
The present study shows that in hypertensive patients with angina both exercise and dobutamine echocardiography improve efficacy of diagnosis of atherosclerotic coronary artery disease in comparison to ECG stress test. Exercise and dobutamine echo are characterised by very similar efficacy although because exercise is better tolerated it may have priority as a stress echo method in this group of patients. Stress echo is particularly useful in hypertensive women so in women with medium pretest probability of coronary artery disease it may be recommended as the first diagnostic method. In hypertensive men ECG stress test is still quite useful and stress echo is recommended only in doubtful cases. Application of digital image acquisition (not available during the entire course of the present study) greatly facilitates interpretation of echo images although it has not been proved that it improves its efficacy.
